In contrast to the lack of such information on adults, the literature does contain reports of the direct chemical analysis of a number of fetuses and newborn infants for sodium. Data are available, therefore, with which to compare directly results obtained by the isotopic dilution method. Our study of total body sodium in man, for which data on adults are presented elsewhere (2) , was consequently broadened to include infants and children. Since it has been known for some time that the sodium content of the infant, on a per kilogram basis, is higher than that of the adult (3), we set out to investigate the possibility that there was some regularity to the process of chemical growth. That a chemical growth pattern, capable of being expressed in simple mathematical terms, does indeed exist, at least with regard to sodium accumulation, will be demonstrated by the data to follow.
Aside from carcass analysis, the isotopic dilution method is the only direct approach available for estimation of total body sodium and for the study of chemical growth. Cumulative balances fail to provide a satisfactory answer, presumably through inability to account accurately for cutaneous mineral losses. For example, balance studies on normal infants and children have yielded values for sodium retention varying from 93 to 915 meq. per Kg. of body weight gain (4, 5) . 4 This paper reports our studies of the estimation of total body sodium by the isotopic dilution method in 21 infants and children. The various 1 This work was carried out under grants from the Children's Research Foundation and the U. S. Atomic Energy Commission.
2A preliminary report of these studies has been published elsewhere (1) . a Present address: Southwestern Medical School, Dallas, Texas. 4 Calculated from the author's data.
assumptions which had to be made in applying this method to the estimation of total body sodium in man have already been discussed (2) .
METHODS
The methods used are essentially those employed in the studies of adults (2) . Radiosodium", manufactured in the Washington University cyclotron, and prepared in our laboratory as sterile isotonic saline, was given intravenously in doses of 1 to 1/ microcuries per Kg. of body weight. 5 Procedures used in assaying the serum and urine samples for radiosodium and inactive sodium have already been presented (2) .
The subjects employed were infants and children residing in the wards of the Saint Louis Children's Hospital, whose general nutritional and physical status was judged to be normal and who were free from cardiac, renal, or allergic disease. No patients who were convalescing from surgical operations or who were receiving parenteral fluid therapy were included; none had loose stools. They consumed the normal hospital diet (evaporated milk-Karo formulas in the case of infants) during the experiments. Reasons for hospitalization are listed in Table I to follow. Calculations were made as follows: serum obtained 18-24 hours (17 hours in three infants) following the intravenous administration of a known amount of radiosodium was analyzed for sodium and radioactive sodium, and urine was collected over the same interval of time. Assuming complete equilibration: total exchangeable sodium (TES) Na24 injected -Na" excreted serum Nam/serum sodium This period of equilibration was chosen for reasons presented elsewhere (2) . The amount of sodium administered with the radiosodium is negligible. No attempt was made to take into account the Donnan phenomenon, slight 6 The total radiation dose received by the experimental subject from this amount of Nam is of the order of 0.11 to 0.17 roentgen equivalent physical (6) . This calculation was made for subjects of adult size; since gamma radiation accounts for approximately 75% of the total dose, it is possible that recalculation of the amount of radiation received by the young infant would yield a lower value. 566 differences in diffusibility between Na' and Nae ions, or the possibility that small amounts of radiosodium might te excreted by way of the skin or gastrointestinal tract.
RESULTS
The results obtained during a study of 21 healthy infants and children are presented in Table I would probably necessitate prolonging the equilibration period considerably; unfortunately only one of the samples analyzed for specific activity was from a child. About 40% of the bone sodium would appear to be exchanged at the end of 18-24 hours in the adult; however, the difficulties encountered in determining the specific activity of bone sodium make us hesitate to place too much reliance on this value without further study. Table II , in which the analyses for term fetuses from the literature are set against our analyses (by isotopic dilution) for young infants. Agreement between these two groups of roughly comparable weight is surprisingly good, and suggests that total sodium can be measured, at least in the young infant, by the isotopic dilution method. Most of the sodium of the infant, according to this comparison, would be exchangeable with radiosodium. This is in contrast to the adult, in whom as much as 18%o of the body sodium may escape detection by the isotopic dilution method (2) . In the absence of data on bone specific activity in infants and children we shall continue to designate the quantity of sodium measured by our method as total "exchangeable sodium."
Change in total body sodium wuith age. In Table III Figure 3 (Table III) . Infants, children, and adults, TES by isotopic dilution (Table I and Table I of reference 2): 0 = males, X = females. fants,7 children and adult males is strikingly similar to that calculated for the older fetuses. The following equation fits these data quite well over a weight range of 1795-100,000 Gm.:
log Na = 0.829 log weight -0.552 (3) 7 With one exception, all of the infants in our series were males. The single female infant was so far removed from the main group of female subjects ( Table I) Table I and Table I small number of observations, they are omitted for equation 1. That there is an orderliness to chemical growth is immediately apparent; furthermore, the growth pattern can be expressed by a simple exponential equation, and it does not seem to be necessary to resort to more complicated expressions such as the quintic used by Mitchell and associates (13) to describe calcium growth in the human. The regression lines described by equations 2 and 3 are virtually parallel, and extrapolation of either one would cause it to lie within one standard deviation of the other over the range of body weights under study. Log-log plots of sodium content against height and surface area were also made, but the fit of the data (by inspection) was no better than that using weight. Logically, weight is to be preferred over height or surface area as a basis of reference, since weight and sodium are both measured in mass units. Despite the smooth trend of the data, attested by the excellent correlation coefficients (Table  IV) , they are not sufficient to allow formal statistical comparison between the various regression equations. The data are not distributed homogeneously within each group, and the range covered by the female data (equation 4) is too small. The largest group of subjects are described by equations 2 and 3, whose slopes are almost parallel; yet the two regression lines overlap during only a small part of the total growth period (1795-3360 Gm.).
Characterization of total body sodium by means of a constant differential growth ratio. Extrapolation of the fetal data (equation 2) to cover the range represented by adults (equation 3) is certainly unwarranted on a statistical basis, yet the similarity between the two regression coefficients is of considerable interest.
The data suggest very strongly that a constant differential growth ratio characterizes sodium "growth" in man from mid-fetal life to maturity. First used a half-century ago to relate brain weight to total body weight (vide Brody [14] pp.
605-609), the concept of relative growth rates was expanded by Huxley (15) and shown to apply to individual organ weights and lengths in a number of species. Brody (14) demonstrated that the concept could be extended beyond the realm of morphology to include a number of physiological functions, while Needham (16) The close fit of the data noted in Figures 2 and 3 indicates that equation 5 can be used to describe the process of chemical growth in man quite nicely, and consequently that the rate of sodium accumulation per unit total body sodium is directly proportional to the rate of increase in body weight per unit weight during growth. The exponent k, which is independent of the units of measurement employed, is the ratio of differential growth. The data presented in this report indicate that k is constant in the human organism between weights of 250-100,000 Gm.
Equation 5 states that body sodium content does not vary directly with simple body weight but with body weight raised to the kth power. Brody proposed that Wk be designated "physiological weight" or "metabolically effective weight" in contradistinction to Wl 0 which is body mass or gravitational weight. Total body sodium increases during growth as a constant fractional power of body weight: in terms of per cent change, body sodium content increases by only 83%o for each 100% change in weight. A consideration of equations 2 and 3 indicates that this "fundamental chemical plan of animal growth" (16) is in operation over most of the span of human growth.
Data on total body sodium content have been reported for the chick embryo (17) and for the young rat (18) . The ratio of differential growth, k, remains constant in the chick embryo at the value of 0.94 between four and 21 days of incubation, and for the rat at 0.812 over the period studied, from birth to 28 days.9 The latter ratio is very close to that for the human; it is unlikely, therefore, that the demonstrated mathematical relationship between sodium content and body weight in man is a fortuitous one. Although objections have been raised to the use of such a simple mathematical expression for describing growth (19) , it has proved very useful in interpreting a variety of growth phenomena in different species and in providing a basis for interspecies comparison (14) .
A comparison of the regression equations for fetuses (equation 2) and for infants, children, and adults males (equation 3) suggests that there may be systematic error in the isotopic dilution method for determination of total body sodium in that values appear to be slightly lower than would be predicted from extrapolation of data obtained by direct chemical analysis. If it is assumed that a comparison between these two equations is warranted, mean values for total "exchangeable sodium" represent 93%o of total body sodium in the infant of 3000 Gm. and 91%7o of the total sodium in the 100 Kg. adult male. The close similarity of the regression coefficients for equations 2 and 3 in some degree justifies the extrapolation of the fetal data; however, the question of the exact magnitude of the relationship of TES to the actual amount of sodium in the body cannot be settled until complete carcass analyses have been made in the older child and adult.
Predicted values for total "exchangeable sodium." The equations presented above allow one to predict the mean value for sodium content for any group of individuals of given weight. Total body sodium can be predicted for the human fetus 18 Gm. or more in weight by the use of equations 1 and 2, and total "exchangeable sodium" in post-natal life for subjects whose body weights are between 1800 and 100,000 Gm. in weight by substitution in equation 3 and 4.
The mean content of sodium, in terms of meq. per Kg. body weight, can be calculated directly if equations 1-4 are written in a slightly different way. Using equation 3 as an example, and converting to kilograms, we have meq. Na (TES)/Kg. = 281 weight, Gm.-O171 (6) A plot of equation 6 is included in Figure 3 , from which can be read directly the mean total exchangeable sodium, meq. per Kg., for any given body weight from 1795 to 100,000 Gm. There is, therefore, a steady and predictable decline in sodium content per unit weight during growth. Our data are not sufficient to permit statements as to the magnitude of the deviation from this curve which could be considered abnormal for any given subject.
The sodium increment of normal growth. Differentiation of the relative growth equation, Na = bWVk, with respect to weight, yields the following: d (Na)/dW = k Na/W
The rate of change of sodium content with respect to weight is therefore a function of the amount of sodium in the body, [14] , p. 584). One can therefore calculate the relative growth rate of a given body component in terms of a second component in the way suggested by Adolph (20) .
The importance of the kidney in body sodium economy is brought out most clearly by this sort of approach. During post-natal life of all the organs listed for man, only kidney weight changes as the 0.83 power of body weight, the equation being y = 0.00892 W0O83, where y and W stand for kidney weight and total body weight, respectively, in grams. Since total body sodium (or TES) also changes as the 0.83 power of body weight during growth, there is an arithmetic relationship between kidney weight and the amount of sodium in the body. Division of equation 3 by the equation for the kidney weight yields the following: TES, meq.
_ 0.281 31.5 kidney weight, Gm. 0.00892 which suggests that each gram of kidney tissue supports in the body economy about 31.5 meq. of "exchangeable" sodium. Renal function per se is not considered here; rather it is the relation of absolute kidney weight to the amount of sodium present in the body. The ratio is applicable (at least in males) over a large range of body weight. While this type of mathematical approach does not constitute proof of the suggested relationship between sodium content and kidney size, it does serve to emphasize further the intimate role of the kidney in sodium metabolism. Data for the mass of two other body components concerned in sodium metabolism, namely, skeleton and muscle, unfortunately are not available for comparison with total sodium content in this way. SUMMARY 1) Measurements of total "exchangeable sodium" (TES) were made in a series of 21 infants and children by the isotopic dilution method, using radiosodium24. The subjects ranged in weight from 1795 to 56,800 Gm.
2) A comparison of the data for young infants with carcass analyses reported in the literature indicates that the two methods for determining total body sodium give comparable results.
3) Values for TES are highest in the young infant, averaging 70 meq. per Kg. in the 3300 Gm. newborn and gradually decline in a curvilinear fashion with age until adult values are reached (approximately 42 meq. per Kg.).
4) When all of the available data on total body sodium (TES data from this report and that of the preceding report [2] together with carcass analyses from the literature) are brought together, a straight line relationship results when sodium content is plotted against body weight on a double logarithmic grid. 5) Total body sodium thus conforms to the relative growth equation, Na = bWk, from midfetal life to maturity. Regression equations have been calculated which allow mean values of total body sodium or TES to be predicted for any given weight.
6) Treatment of the data in this way suggests several tentative conclusions: a) Total sodium changes with body weight in a predictable systematic fashion, namely, as a fractional power of body weight, and behaves as a constant differential growth ratio. b) Predictions of the sodium retention occurring as a result of normal growth can be made for any given weight.
